We conducted a 3-year field experiment on an Anthrosol paddy soil to investigate changes in crop yield, P uptake and soil organic phosphorus (P) fractions after 3 years of conventional tillage (CT) conversion to no-tillage (NT) under a rape -rice rotation in central China. Treatments were established following a split-plot design of a randomized complete block with tillage practice as the main plot and fertilizer as the sub-plot treatment. The yields of rape and rice ranged from 1378 to 2264 kg ha -1 and from 5895 to 9453 kg ha -1 across 3 years, respectively. Moreover, P uptake for rape and rice (aboveground) varied from 3.9 to 10.4 kg ha -1 and from 9.5 to 32.0 kg ha -1 , respectively. Fertilization significantly enhanced crop yields and P uptake, but tillage did not affect the yields and P uptake. Fertilization significantly increased total P concentrations, acid phosphatase activity, Bray-1 P and labile organic P in the 0-5 cm soil layer. Compared to the CT treatments, the NT treatments had significantly higher acid phosphatase activity, total P, Bray-1 P, total organic P and organic P fractions in the 0-5 cm soil layer but lower organic P fractions in the 5-20 cm soil layer. Therefore, our results suggest that short-term NT does not enhance organic P concentrations in the 0-20 cm soil layer, and only improve P availability on the soil surface.
Introduction
Phosphorus is one of the major nutrients limiting agricultural production in China, where soil deficient in P constitutes one-third of the cultivated land (Bao, 2000) . Hence, chemical P fertilizers are added to agricultural soils to improve crop production. However, excess application of P fertilizers is common and this poses a threat to the quality of surface water within the watershed (Daniel et al. 1998 ). Soil organic P accounts for a significant portion of total P, ranging from 20% to 80% in most soils (Dalal et al., 1997) , and contributes substantially to plant-available P through mineralization (Sharpley, 1985) . Therefore, Sharpley (1985) suggested that it is essential to include inorganic and organic P in soil P fertility tests for better prediction of plant responses.
Because soil organic P pool is a heterogeneous mixture of organic substances, different fractions of soil organic P may have different effects on soil fertility and quality. P fractionation has been proven useful in identifying soil P pools in various ecosystems (Sharpley, 1985) . The fractionation scheme developed by Bowman and Cole (1978) facilitates separation of soil organic P into four distinct fractions of varying lability: labile organic P, moderately labile organic P, moderately resistant organic P and highly resistant organic P. According to Conte et al. (2003) , the concentration of labile organic P and moderately labile organic P determined by the method of Bowman and Cole (1978) is a useful index of whether a particular soil is rich in available organic P. Furthermore, Bao (2000) suggested that the method proved very useful in quantifying soil organic P pools of different availability and is widely used to study effects of fertilizer and management practices on the soil P status in field experiments.
Conventional tillage (CT) mixes soils with crop residues, thus accelerating residue decomposition. In addition, tilling soil disrupts soil aggregates, resulting in concomitant organic matter oxidation, thus affecting availability and distribution of soil organic P (Selles et al., 1997) . However, there was no consensus on soil organic P between NT and CT. For example, Essington and Howard (2000) reported that NT had significantly greater organic P than CT. However, Selles et al. (1997) indicated that the concentration of organic P in untilled soils increased at the 0-6 cm depth, and decreased at the lower depth when compared to tilled soils. In addition, Huang and Yuan (1994) found a decrease in organic P under paddy soils. Hence, more information about tillage practices effects on organic P, especially on different organic P fractions, is essential to understand soil P dynamics and to determine if transformations among organic P fractions are related to P availability.
Chemical P fertilizers applied to soils can been taken up by microbes to form organic P compounds present in microbial detritus (Lee et al., 2004) . Moreover, fertilization increases crop biomass and in turn more cop residues are added to soils, thus the formation of organic P. fractions Lan et al. (2012) and Lee et al. (2004) reported that fertilizer applied for many years resulted in accumulation of organic P fractions in paddy soils. However, Zhang et al. (2006) did not observe significant changes in paddy soil organic P fractions due to application of chemical fertilizer. Therefore, more knowledge on the effect of fertilization on organic P fractions of paddy soils is needed.
Conventional tillage in agricultural production systems affects physical, chemical, and biological properties (Quan et al., 2005) , thus affecting crop yields and P uptake. It was reported that the differences in crop yields between tillage systems are affected by the duration time of NT. Sharma et al. (2005) reported that short-term NT (<4 years) significantly reduced crop yields in rice-based cropping systems. However, Qin et al. (2010) found similar rice yields between tillage treatments in a 2-year field experiment. Wang et al. (2001) indicated that NT had higher rice yields compared with CT in an 8-year field experiment. Therefore, the results obtained were often contradictory and inconclusive possibly due to variability in soil type, cropping systems, and climate and further research on effects of the duration time of NT on crop yields is still required.
Central China is a major rice producing region accounting for 70% of total rice production in China (HPBS, 2010) . Recently, NT has become increasingly popular in the region, encompassing about 150, 000 ha in 2009 (HPBS, 2010 . To our knowledge, little information is available about effects of short-term tillage and chemical fertilizer application on crop yield, P uptake and soil organic P fractions under a rape-rice rotation in this region. Therefore, the objectives of this paper were (1) to investigate crop yields and P uptake, and (2) to quantify the concentrations of total P, labile organic P, moderately labile organic P, moderately resistant organic P and highly resistant organic P after 3 years of CT conversion to NT under a rape -rice rotation in central China. For the NT plots, no soil disturbance occurred except for herbicide (glyphosate) application, direct sowing, and fertilizer application. Immediately after rape or rice was harvested, the CT plots were tilled by hand to a 10 cm depth, then moldboard plowed to a depth of 20 cm using a SNH554 tractor (Shanghai New Holland Agriculture Machinery Co., Ltd.). Before rape planting or rice sowing (about May or October), the CT plots were disked and moldboard plowed for weed control and bedding; this was followed by an application of fertilizer. The rape and rice were harvested in May and October in each year. For fertilized treatments, chemical inorganic P fertilizers were broadcast just before sowing or planting, with rape receiving 39 kg P ha -1 and rice receiving 59 kg P ha -1 . Additional N and K fertilizers were applied, with rape receiving 180 kg N ha -1 and 124 kg K ha -1
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, respectively and rice receiving 210 kg N ha -1 and 199 kg K 2 O ha -1 , respectively. Rice seeds were sown manually at a rate of 22.5 kg ha -1 and rape seedlings were transplanted at a planting density of 33 cm × 16 cm with one seedling per hill. The mid-season rice variety was Liangyoupeijiu (Oryza sativa L.) and the rape variety was Huayouzaliuhao (Brassica napus).
Soil sampling and analytical methods
Soil samples (5 cm diameter) were collected using a soil sampler with a diameter of 5 cm at eight random positions in each plot on October 8, 2009 (just after rice harvesting). Samples were sectioned into 0-5 cm, 5-10 cm and 15-20 cm depth increments. Total P (g kg -1 ) in soil and crop plant were digested at 300 by adding concentrated H 2 SO 4 and HClO 4 (Bao, 2000) , and analyzed at 700 nm using 721 Visible Spectrophotometer (Jinhua Instruments, Shanghai) according to the method of Murphy and Riley (1962) . The available P (Bray-1 P) content was extracted by adding HCl and NH 4 F, and determined using the Visible Spectrophotometer by the method of Bray and Kurtz (1945) . Acid phosphatase enzyme activity was estimated by measuring the release of p-nitrophenol from p-nitrophenyl phosphate following exposure to soil in a modified universal buffer (MUB) at pH 6.5, as described by Tabatabai and Bremner (1969) . Soil samples (1 g) were incubated with 1 mL 0.1 M p-nitrophenyl phosphate and 4 mL MUB for 60 min at 37. At the end of the incubation period, 1 mL 0.5 M CaCl 2 and 4 mL 0.5 M NaOH were added. After, the solution was filtered quickly. Samples were homogenized and the p-nitrophenol formed was determined by the Visible Spectrophotometer at 400 nm.
Soil organic P was separated into four fractions according to the method of Bowman and Cole (1978) , including (1) labile organic P, extracted with 0.5 M NaHCO 3 (pH 8.5), with organic P determined by the increase in inorganic P after perchloric acid digestion; (2) moderately labile organic P, extracted with 1.0 M H 2 SO 4 , with organic P determined as for labile organic P; (3) moderately resistant and (4) highly resistant organic P, determined by transferring the 1.0 M H 2 SO 4 -extracted soil samples into filter paper, then washing the samples with 3 ml ethanol, followed by drying and extraction with 0.5 M NaOH. These organic P fractions were determined together after perchloric acid digestion (fraction I); then an aliquot of the extract was acidified with concentrated hydrochloric acid to pH 1-1.5, and moderately resistant organic P was determined after perchloric acid digestion (fraction II), with highly resistant organic P determined by subtracting fraction I from fraction II. P was determined according to the method of Murphy and Riley (1962) . Total organic P was calculated as the sum of four organic P fractions, and total inorganic P was calculated as the difference between total P and total organic P. All soil samples were analyzed in triplicate.
Analysis of crop grain yield and P uptake by crops
Rape or rice plants (aboveground part) at harvesting were collected at three random positions in each plot by using a 1 m×1 m frame; rape and rice plants were threshed, and the seeds of rape and grains of rice were adjusted to moisture contents of 9% and 14%, respectively. The crop yield was recorded and the aboveground plants (grain and straw) were dried in an oven at 85 and then rape or rice (aboveground) was determined as the product of the concentration of total P and dry weight of crop (aboveground).
Data analysis
The SPSS 16.0 analytical software package was used for all statistical analyses. We used two-way ANOVA of SPSS 16.0 to determine effects of tillage or fertilization on crop yields and soil P fractions. Individual means were compared to the L.S.D. test. Only means statistically different at p≤ 0.05 were considered different and the significance probability levels of the results are given at the p<0.05 (*) and p<0.01 (**) levels. Regression models were fitted to the data in an effort to describe the relationships between soil organic P fractions and rice yields.
Results
The yields of rape and rice significantly varied across three years and the yields of rape and rice ranged from 1378 to 2264 kg ha -1 , and from 5895 to 9453 kg ha -1 across three years, respectively (Table 1) . Application of fertilizer significantly increased yields of rape by 30%-42% and rice by 20%-58%. Although tillage practices did not significantly affect grain yields of rape or rice, the NT treatments slightly increased the yields of rape and rice compared to the CT treatments across three years generally. As Table 1 shows, P uptake for rape and rice (aboveground) ranged from 3.9 to 10.4 kg ha -1 and from 9.5 to 32.0 kg ha -1 across three years, respectively.
Fertilization significantly increased the P uptake by 2.2-2.3 times for rape and 2.5-3.4 times for rice compared to no fertilizer application. Although tillage practices did not affect P uptake for rape or rice, the NT treatments slightly increased P uptake for rape and rice compared to the CT treatments across three years generally. There was also no significant interaction of tillage and fertilizer on grain yield or P uptake by crop plants. ) and P uptake by rape and rice (kg P ha No-tillage (NT) treatments exhibited a strong stratification of acid phospatase activity and the concentrations of soil total P, total inorganic P and Bray-1 P (Table 2 ). Compared to the CT treatments, the NT treatments significantly increased acid phospatase activity by 25%-30%, total P concentration by 9%-10%, total inorganic P concentration by 4%-5% and Bray-1 P concentration by 41%-45% the 0-5 cm soil layer. In the same soil layer, similar to effects of tillage practices, fertilization increased acid phospatase activity by 15%-20%, total P concentration by 9%-10%, total inorganic P concentration by 16%-19% and Bray-1 P concentration by 26%-29% compared to no fertilizer application. There was no significant effect of tillage or fertilizer on total P concentration, Bray-1 P concentration and acid phospatase activity in the 5-20 cm soil layer.
Fertilization had no significant effect on total organic P, moderately labile organic P, moderately resistant organic P, and highly resistant organic P across all depths but significantly increased labile organic P concentration by 19%-104% in the 0-20 cm soil layer (Table 3 ). The NT treatments significantly enhanced the concentrations of total organic P by 13%-28%, labile organic P by 9%-70%, moderately resistant organic P by 8%-15% and highly resistant organic P by 42%-56 in the 0-5 cm soil layer % compared to the CT treatments. However, in the 5-20 cm soil layer, the NT treatments significantly decreased the concentrations of labile organic P, moderately resistant organic P and highly resistant organic P by 15%-44%, 11%-47% and 44%-80%.
In general, significant negative correlations between labile organic P across all depths with rice grain yield of 2009 and P uptake were only observed in NT0 and CT0 (Table 4) . Moreover, no significant correlation was found between other organic P fractions with rice grain yield and P uptake across soil layers under different treatments.
Discussion
Crop grain yield and P uptake
In the present study, under fertilization conditions, seed yields of rape ranged from 1948 to 2171 kg ha The yields fall within crop yields reported by Huang et al. (2011) in the same region. They indicated that rape seed yields varied from 1540 to 1790 kg ha -1 for CT and from 1520 to 2120 kg ha -1 for NT, and rice grain yields ranged from 8380 to 11250 kg ha -1 for CT and 8700 to 11120 kg ha -1 for NT. Moreover, the yield difference of crop was not significant between CT and NT (Table 1), meaning that greater returns of crop residues to the soil surface under NT. Our results were consistent with the findings of Huang et al. (2011) who found similar yields of rice and rape between CT and NT in rice-rape cropping system of central China. Similar results were also observed by other researchers (Qin et al, 2010, But, Jiang and Xie (2009) reported that NT increased rice grain yields compared to CT because of improvement of soil physico-chemical properties. Moreover, in some cases, lower crop yields of rice-based systems under NT were also observed (Sharma et al., 2005; Xie et al., 2007) reviewed the effect of conservation tillage on crop yields in China and found that in most cases, conservation tillage does not reduce crop yield, but in some cases, it decreases crop yield. They surmised that the difference in crop yields between tillage systems might depend on different climates, soil fertility or the duration time of no-tillage. In the present study, we found that crop yields of the rape-rice rotation under NT did not increase with time across three years (Table 1) , inconsistent with Wang et al. (2001) . This indirectly implied effects of climate changes across three years on crop yields. Basamba et al. (2006) indicated that the transition from CT to NT often leads to changes in crop yield during the initial years after conversion, possibly as a result of differences in nutrient immobilization/mineralization dynamics of soil, and thus they observed lower maize grain yield under NT in the first year after conversion but higher yield in the second year compared to CT. However, in the present study, the difference observed in crop yield was not significant during the first 3 years after CT conversion to NT (Table 1) . Triplett and Dick (2008) analyzed crop responses to NT in the United States and suggested that three year might be required for NT systems to become fully functional, when changing from CT to NT. Wang et al. (2001) reported crop yields of rice-wheat rotation systems improved with time in continuous NT paddy soils. In this system, crop yields were similar between NT and CT for the first 2 years, but by the third year of the study, NT had greater yields. Clearly, more information on short-term NT effects on crop yield is needed.
The fertilized treatments had significantly higher crop yields compared to the no fertilizer treatments (Table  1) , showing a significant effect of fertilization on crop yields. The positive effect of fertilization on rice yields has been well demonstrated (Lan et al., 2012) .
Similar to crop yield, tillage had no significant effect on P uptake but fertilization increased P uptake (Table  1) . Our results contrast with the findings of Ibrahim et al. (2011) , who reported significant decreases in P uptake by rape and rice under reduced tillage or NT due to more competition for P from weeds.
Soil organic P fractions
In general, the distribution of total P, Bray-1 P, inorganic P and organic P fractions in the NT soils was strongly stratified when compared to the CT soils (Tables 2 and 3 ). This was apparently due to reduced mixing of fertilizer P under NT (Ma et al., 2003) , possibly increasing quantities of P fractions on the soil surface, or due to greater crop residues being returned to the soil, which increases P concentration by decreasing the adsorption of P to mineral surfaces (Jiang and Xie, 2009 ).
Higher total P, inorganic P and Bray-1 P on the soil surface (0-5 cm) for the NT treatments than the CT treatments (Table 2 ) has been previously well confirmed (Jiang and Xie, 2009; Ma et al., 2003) . This is consistent with accumulation of crop resides near the soil surface and a lack of mixing of soil and fertilizer (Ma et al., 2003) . Greater total P, inorganic P and Bray-1 P under NT implied that to obtain the same crop yields to CT, less P may need to be applied under NT due to greater P availability resulting in greater diffusion rate of P towards the plant root. In addition, although CT had lower availability of P on the soil surface compared to NT, lower N fertilizer loss as previously reported by Zhang et al. (2011) , and better control of weeds (results not shown) under CT might possibly explain why there was no significant difference in crop yields between NT and CT in the present study (Table 1) .
Fertilization significantly enhanced acid phosphatase activity in the 0-5 cm soil layer, possibly reflecting positive effects of fertilization on total inorganic P and Bray-1 P (Table 2 ). This agrees with the findings of Lee et al. (2004) Under NT, there was a concentration gradient of acid phosphatase activity across all depths (Table 2) , generally reflecting soil organic matter stratification under NT that was reported in our previous study (Zhang et al., 2011) . We observed significantly greater acid phosphatase activity on the fertilization on total organic P (Table 3 ). This agrees with the findings of Zhang et al. (2006 ) However, Lan et al. (2012 and Lee et al. (2004) reported that fertilizer application resulted in accumulation of organic P in paddy soils. Zhang et al. (1994) reported that fertilizer P plays an important role in promoting the formation of organic P fractions on paddy soils. However, our results showed an increase in labile organic P and lack changes in total inorganic and organic P due to application of fertilizer (Table 3 ). This implies that fertilization had no effect on the concentration of organic P but increased the availability of P in soil. Our results contrasts with Zhang et al. (2006) who reported no significant effect of fertilization on NaHCO 3 extractable organic P in a calcareous paddy soil, but are in agreement with Lan et al. (2012) who soil surface under NT compared to CT, consistent with Huang et al. (2012) . This may be due to higher soil organic matter levels and higher amounts of fungi on the soil surface under NT (Huang et al., 2012) .
In the present study, greater total organic P on the soil surface under NT compared to CT (Table 3) , reflects greater amount of crop residues returned to the NT soils, and a reduction in rate of decomposition often reported for crop residues left at the soil surface in NT systems. Our result contrasts with the result of Huang and Yuan (1994) who reported a decrease in organic P under NT paddy soils. Moreover, we observed an increase in organic P resulting from an increase in abile organic P (Table 3) , consistent with Tiecher et al. (2012) who reported that increases in organic P forms under NT occurred in labile organic and moderately llabile P. We did not observe a significant effect of found application of chemical fertilizers significantly enhanced concentrations of labile organic P and total organic P concentration. Increased labile organic P due to addition of P is possibly explained by inorganic P from addition of P fertilizer being taken up by microbes to form organic P compounds present in microbial detritus that acts as a source of labile organic P in soil (Lee et al., 2004) .
It has been reported that crop yield is limited by low soil P availability in subtropical areas (Bao, 2000) . In the present study, negative correlations were observed between labile organic P with rice grain yield of 2009 and P uptake in the no fertilizer treatments (Table 4 ). This showed that labile organic P through mineralization acts as a rice-available P source in unfertilized soils and an adequate supply of P from fertilizers is essential for maintaining crop productivity in paddy soils with low P availability in central China. In the fertilized treatments, the rice grain yield was not significantly related to soil organic P fractions, indicating that fertilization met the P requirement of rice plants.
In the present study, the continuous 3-year adoption of NT significantly increased soil organic P fractions on the soil surface (0-5 cm) with the exception of moderately labile organic P (Table 3) . This is mainly because of higher returns of crop residues to the soil surface under NT. In contrast, the continuous adoption of NT decreased soil organic P fractions in the lower soil layer (5-20 cm) except moderately labile organic P, reflecting the mixing of soil and crop residues under CT. Our results indicate that short-term NT (3 years of CT conversion to NT) only changes distribution of soil P in the 0-20 cm soil layer, does not increase soil organic P concentrations and only enhanced P availability on the soil surface (Tables 2 and 3 ). Influences of tillage practices on soil organic P fractions depend not only on the soil physical disturbance and the distribution of crop residues, but also on the duration of tillage practices. Quan et al. (2005) reviewed effects of the duration of NT on soil fertility of paddy fields, and indicated that short-term NT only improved soil physical properties and did not enhance soil P concentration. Moreover, long-term tillage effect includes the effect of changes in physical, chemical and biological soil properties after several years of conversion to NT (Quan et al., 2005) . However, the long-term impact of NT on soil organic P fractions in central China is largely unknown, and thus further research is needed to quantify this impact.
Conclusions
Agricultural management practices affected crop yield, P uptake and soil organic P fractions. Fertilization significantly increased crop yields and P uptake but tillage practices did not affect the yields and P uptake. Fertilization significantly enhanced acid phosphatase activity and concentrations of total P, Bray-1 P, total organic P, labile organic P in the 0-5 cm soil layer but did not affect other organic P fractions. Compared to CT, NT had greater concentrations of organic P fractions in the 0-5 cm soil layer but lower concentrations in the 5-20 cm soil layer, suggesting that short-term NT only improved P availability on the soil surface.
